Summary. Brazilian women rely on sterilization as the main source of birth control. Sterilization has been one of the causes of the steep decline in fertility in Brazil, at least since the second half of 1970. It is hypothesized that understanding couples' relationships might be key to explaining this high rate of female sterilizations. Possible reasons for the higher level of fertility among women in unstable unions than among women in stable ones could be the less effective use of contraceptive methods, or that women in unstable unions tend to use less effective or reversible contraceptive methods. In this paper discrete time modelling of the timing of sterilization according to union histories is presented. The analysis uses the calendar data of the 1996 Brazilian DHS. It is shown that women in second or higher order unions have a lower risk of sterilization. This result should be taken into account in the analysis of the determinants of female sterilization in Brazil.
Introduction
Brazil has shown a dramatic fertility decline in the last century with the total fertility rate (TFR) decreasing from 6·5 in 1930 to 2·0 in 2001 . This decline has been considered particularly striking by most Brazilian demographers in the light of the absence of a government-sponsored family planning programme (Carvalho & Wong, 1996; Martine, 1996; Goldani, 2001) . The main reasons for the decline reside in the increased prevalence of contraceptive methods and the high number of abortions, in particular during the 1960s and 1970s.
The importance of female sterilization in Brazil has increased substantially since 1980. In 1996, 40% of married Brazilian women aged 15-49 years were sterilized as opposed to 29% in 1986. Female sterilization is high in Brazil, but the country is not alone in the high use of tubal ligations. In the Dominican Republic in 1991, 38% of married women in the reproductive age span were sterilized. In El Salvador in 1993, this figure was 31% (UN, 1994) . In the United States, the proportion sterilized among married women aged 15-44 was 24% in 1995 (CDC & NCHS, 1998 .
The popularity of sterilization is justified by the lack of alternative methods and by the easy access to it, in particular for low-income women. It is a method that is completely controlled by the woman and it avoids inconveniences such as side-effects or ineffective use. The increase of education and the progressive rise of the number of women in the labour market have encouraged women to make more efforts to control their fertility. Furthermore, the role of mass media has undeniably been important: soap operas have brought new social behaviours and economic aspirations.
It has been demonstrated that the level of fertility in Brazil is particularly low among women who experience one union only (Leone, 2002) . The reasons could be several: usually couples tend to bear a child in each union, and at the same time union instability leads to several unions of shorter duration. The fact that there is a negative relationship between the frequency of coitus and the duration of the union leads to the fact that women who experience several unions of shorter durations could be less exposed to the risk of conception in terms of time but could have an overall risk due to the greater frequency of coitus. Furthermore, as happens in Brazil, women in unstable unions tend to conceive to keep their relationship. Finally, women who have a history of unstable unions could use contraceptive methods less effectively. It could be, though, that these women are more likely to use less reliable methods rather than to use methods less effectively. This last factor has not been explored so far in the analysis of fertility trends in Brazil.
Union dynamics are one of Brazil's peculiarities. They are characterized by a high prevalence of consensual unions: 13% of women aged 15-49 years old are in a consensual union (BEMFAM, 1997) . Consensual unions in Brazil have unique features deriving from the tradition of slavery: most couples in a consensual union would define themselves as husband and wife. It is therefore difficult to measure the true number of consensual unions. There has been an increase in the proportion of consensual unions in the last few decades. Since these unions are usually considered less stable than more formal unions, this has led to an overall increase in union instability characterized by an increased proportion of unions of shorter duration (Greene, 1991) . This paper analyses the relationship between time to sterilization and union dynamics in order to better understand the role of union dynamics in women's reproductive choices in Brazil. Furthermore, sterilization has been chosen as it is the most common contraceptive method and the reason for its popularity is still not completely clear. The analysis represents a first step towards a broader understanding of contraceptive dynamics and union histories.
Effect of union dynamics on contraceptive choice

Type of method
The effect of union instability on contraceptive use could be confounding: women in a stable relationship are more likely to use an effective family planning method and this could result in a lower level of fertility.
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T. Leone and A. Hinde Women in stable unions are those who are constantly at risk of conception and there is no loss of exposure. However, women in stable unions or women who believe themselves less likely to have several partners could be more likely to use more effective contraceptive methods and to use them more effectively. A woman in a stable union is more likely to use intrauterine devices (IUDs) or sterilization after having reached the desired family size. Women in stable unions can rely on the fact that it is easier for them to plan their family size with their partner. On the other hand women in unstable unions are less motivated to use a contraceptive method that involves a high commitment like sterilization, or a method like the IUD that is not easily available and that needs to be inserted by specialized hospital-based personnel. Women in unstable unions are more likely to use less effective methods such as condoms or, among the highly effective ones, the pill.
The literature on the topic is rather thin and one of the main studies by Bumpass & Rindfuss (1982) contradicts this point of view. Using monthly contraceptive histories collected by the National Surveys of Family Growth in the US, they show that women who have experienced unstable unions are less likely to use coitaldependent methods (condoms, diaphragm) when they are about to split up. The reason for this might be the fact that when there is a crisis the couple tend to have more problems in communication, and therefore they might be less willing to use contraceptive methods that involve collaboration. This is even more evident when looking at the fact that these types of methods are less likely towards the end of the union as well. However, marital dissolution does not have a big impact on contraceptive usage and despite this effect, contraceptive use patterns following separations are very similar to those of women who remain in the same union (Bumpass & Rindfuss, 1982) . Godecker et al. (2001) analysed the effect of union histories on the timing of sterilization in the USA using a Cox proportional hazards model. One of their main results was that cohabiting partners, generally known for having less stable unions, do not show different patterns of sterilization timing from formally married ones.
The mechanisms behind the relationship between contraceptive use and union duration are influenced by the culture and contraceptive tradition of the country, so it is not possible to generalize from the results above. It is the authors' belief that Brazilian women who are in less stable relationships and who might want to get pregnant to keep the relationship, might be more likely to rely on reversible methods rather than sterilization.
Effectiveness
The tendency of women to start their conjugal life in less formal unions creates a pattern in which many women find themselves, during their peak reproductive years, in unions which are, on the one hand, less conductive to effective fertility control and, on the other hand, less stable. (United Nations, 1988) If considering the effectiveness of use rather that the type of method, the UN's statement about a less effective use of contraceptive methods for women in unstable unions is questionable. First of all there is no clear evidence that effective use of a contraceptive method is linked to the number of unions a woman has had. Secondly,
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the effectiveness of the use is influenced by the availability, price and knowledge of the method, and by the woman's characteristics such as education and social background, and not by the stability of the union. The stability of the union is influenced by the characteristics of the partners. If there is a difference in terms of higher risk of conception this difference might be in the use of less effective contraceptive methods rather than in a less effective use. Therefore much more emphasis should be given to the type of method that is used by union duration and by union history.
Background
What makes the situation in Brazil different from other countries where sterilization is popular, is that sterilization was not regulated by law until 1997, and the government, which funds about 70% of the surgical procedures performed in the country (Carvalho, 1997) , did not provide reimbursement for tubal ligations. Nevertheless, sterilization was in great demand. For low-income women with little contraceptive knowledge and limited access to alternative options, sterilization meant efficacy and low costs in terms of information and medical follow-up. In addition sterilization became progressively more accessible for lower income women as private family planning clinics offered sterilizations free of charge to lower income women and politicians paid for sterilizations in exchange for votes (Meloni Vieira & Ford, 1996) . Doctors profited extensively from the increase in sterilizations as they were paid by the private family planning clinics to perform the sterilizations. Clinics were usually funded by international or governmental donors (Meloni Vieira & Ford, 1996) . This situation gave rise to a mutually beneficial relationship among politicians, doctors and women, associating sterilization with economic profit and political gains. As birth control rapidly diffused spatially and cut across socioeconomic strata, the number of tubal ligations escalated, stimulating unnecessary Caesarean births to circumvent hospitalization costs (women were sterilized for free after a Caesarean birth), encouraging pregnancy as a means of being sterilized, and increasing child and maternal health risks.
In order to overcome the illegality, prior to 1997 Caesarean sections were widely used. After two Caesareans sections a woman was allowed to undergo surgical sterilization. This is almost certainly the reason why the proportion of births delivered by Caesarean sections increased from 15 to 37% between 1971 and 1996 (Merrick, 1983; Potter, 1999) . The frequency of Caesarean sections was even higher in private clinics, reaching 71·5%. This phenomenon has led to Brazil having the highest percentage of Caesarean sections in the world (Hopkins & Potter, 1997 ). The 1996 DHS shows that 60% of all sterilizations had been performed after a Caesarean section (BEMFAM, 1997) .
Caesarean deliveries have become so common that they are not used solely to justify surgical sterilization. Desire to get sterilized made them common; being common made them normal and a sign of progress. It is an increasing phenomenon for educated women to consider Caesarean section as a sign of 'civilization' (Perpetuo & Aguirre, 1997) . It is therefore difficult to highlight how much of the increase in Caesarean sections was due to the desire to get a 462
T. Leone and A. Hinde sterilization, and how much of the increase of sterilization was due to the abuse of Caesarean deliveries. In 1997 a law was finally passed allowing men and women the right to free reproductive choice (Potter et al., 2001) . Men and women are now allowed to undergo voluntary sterilization as long as the individual is over 25, is competent, has at least two children and, if married, has his or her spouse's consent. However, the law specifies that the sterilization should not be performed at the time of delivery. There should be a 65-day wait before applying for the operation. The Ministry of Health reimburses hospitals and clinics if this condition has been met and if counselling of alternative methods has been given. This law was meant to limit the number of Caesarean sections. At the same time it was meant to create awareness of different methods. However, according to Potter et al. (2001) considering the few resources that the public system has, and the strong sterilization culture that there is in Brazil, it is unlikely that this law will have an impact on medical practice in the short-term.
The other reason for such a high prevalence of female sterilization might be the increase in private family planning programmes that could be using health facilities to perform sterilization. The debate on the topic is open at the moment among Brazilian demographers and it is not clear yet whether the motivation is women asking for a Caesarean section or doctors persuading women to get sterilized (Hopkins & Potter, 1997; Perpetuo et al., 1997) . However, it is undeniable that women rely greatly on medical advice, in particular in the private sector. There is no doubt that doctors, at least in the first stages of the diffusion of sterilization, have played an important role in the increase in the number of sterilizations performed.
Nevertheless Brazilian women also use sterilization because it gives them full control over their reproductive life. The lack of inter-spousal communication that comes out the DHS data (98% of the women do not talk about family planning with their partner) shows a strong individualism within the couple. Furthermore it shows a strong lack of confidence of the women in their partner.
It is hypothesized that sterilization decision-making is strictly linked with the level of communication in the couple. The decision to be sterilized could depend on two factors: on the one hand women who decide to get sterilized are those in stable relationships that have reached the desired family size and can see themselves continuing in the same relationship (Bailey et al., 2001) . On the other hand, independent modern women who do not want to involve their partner in their reproductive life could use sterilization. In particular when the relationship is about to end and the level of communication is low, women do prefer to avoid contraceptive methods that involve negotiation like condoms or withdrawal (Bumpass & Rindfuss, 1982; Godecker et al., 2001) .
Sterilization in Brazil is highly dependent on the lack of communication between the partners. However, women in unstable unions rely on childbearing to keep their relationship, particularly in situations of economic deprivation. Furthermore it is very important for most men to show their virility through childbearing, and it is likely that they would put pressure on their partner to have another child. For these reasons they would not decrease their chances of keeping their partner by getting sterilized. At the same time women in unstable unions are less likely to have a long-term plan for their reproductive life as the precariousness of the union might lead to a general feeling of instability on several aspects of everyday life. In addition, the fear of regretting being sterilized can be stronger in women who feel that their relationship might not be stable (Meloni Viera & Ford, 1996) .
Data and Methods
This analysis uses 1996 DHS data. The dataset includes information for women aged 15-49. In particular the section dedicated to calendar data has been analysed. Calendar data includes information on reproductive and union histories taken retrospectively on a monthly basis for the five years preceding the survey date.
The calendar data have been re-coded in a Bernoulli format. The outcome variable is the timing of the sterilization. The women selected for the analysis are all women aged over 12 years, who have had sex at least once and who are at risk of sterilization during the calendar period. The pregnancy months have been excluded as the woman is not at risk of getting sterilized. Age has been included as a duration variable. Of the sterilization history, union history has been considered in the form of union status and union status duration. Birth interval is considered as a time varying covariate.
Event history analysis techniques and in particular discrete time models are used in this analysis. Sterilization can be considered as a non-repeatable event and the woman is censored once she has experienced the event.
The emphasis in this analysis is on the effect of union order used as a proxy for union instability, rather than any other characteristic. For this reason the analysis is limited to only a few variables without going into in-depth analysis of sterilized women.
All the duration variables (union status duration, age and birth interval duration) have been transformed into polynomial splines. Furthermore, the time varying variable parity has been included. Among the cross-sectional variables, residence in particular is relevant as it is one of the variables used for the survey design. Other variables that have been included in the model are region, religion, ethnicity, woman's occupation, women's education and whether the woman watches television at least once a week. Only the significant variables are described in the final model.
Results
The results show (Table 1) that women in second or higher order unions have a higher probability of being sterilized. However, a closer look (Table 2) reveals that this risk is higher only for nulliparous women or women with one child. The model firstly fitted without the interaction term revealed that women in second or higher order unions have a lower likelihood than women who have experienced one union only. This result should be interpreted in the light of the fact that women who have experienced more than one union have a higher family size (Table 2) . Furthermore only 20% of the women in second unions have fewer than two children compared with 32% of women in their first union. It may be plausible to suggest that women in second unions are less likely to get sterilized. One of the possible explanations for this result could be related to the characteristics of women in second unions and with one or no child. It may be that such women are more independent and do not rely on 464
T. Leone and A. Hinde their partners economically. For this reason they are less likely to depend on childbearing to keep their relationship. It is also possible that these women are more in control of their reproductive life and choose a permanent method rather than a reversible one or generally a less effective one. However, women with a high level of fertility could be motivated by the idea that in each union there is need for a new child to stabilize and strengthen it. Figures 1-3 show the trends of the relative risk of sterilization according to union duration, age and birth interval duration respectively. The trend by union duration shows that the probability of sterilization increases up to a duration of 10 years, after which the risk declines. The trend shows an increasing risk for young couples in particular (Fig. 1) .
The relative hazard has a reversed U shape by age peaking at a mean age at sterilization of 30 years (Fig. 2) .
The likelihood by birth interval is high at short durations and it declines afterwards. This result could be influenced by the peculiarity of the Brazilian case as it is mentioned in the literature review (Perpetuo et al., 1997; Potter, 1999; Caetano, 2000) : Brazilian women in most cases get sterilized at delivery, particularly after a Caesarean delivery.
Rural women have a lower probability of sterilization than women in urban areas. This may be directly related to exposure to the media and level of education: women living in rural areas are less educated and less exposed to the media. The level of education is positively correlated to the possibility of sterilization and at the same time women who watch television at least once a week are more likely to get sterilized. Exposure to the media appears to have a strong impact on people's reproductive life in Brazil (Rios-Neto, 2001 ). The mass media has a considerable effect on every stratum of the population, considerably influencing the behaviour of low-income people. This result is further supported by the regional effect: women in 
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T. Leone and A. Hinde the north, usually known to be poorer, have a higher chance of being sterilized. There is evidence of an increase in poorer women requesting sterilization to avoid the high cost of childbearing. Caetano (2000) observed that women in the north-east, in particular, use political votes to pay for surgical sterilization. There is no difference, however, in the risk when considering the north and the north-east.
Conclusions
Union formation and union dissolution could affect and be affected by fertility at the same time and the study of these interactions could lead to even further studies that analyse the influence of union dynamics on contraceptive use. The lack of in-depth studies on union dynamics, in particular in the last ten years, is mainly due to the lack of data reporting complete union and fertility histories. Furthermore, it is the authors' 
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belief that the importance of union dynamics has been underestimated in efforts to better understand changes in reproductive matters. Some important factors need further investigation: women do not talk about family planning with their partners. Women like sterilization because they can be in full control of their reproductive life and stop whenever they want without relying on their partner. The analysis of the prevalence of sterilization has so far focused on the relationship between doctors and patients and on the availability of other means of contraception. There has been no attempt so far to analyse the relationship between union dynamics and contraceptive use, in particular sterilization, in Brazil. At international level as well there have been very few attempts to analyse the relationship (Bumpass & Rindfuss, 1982; Godecker et al., 2001) .
This study highlights the relationship between sterilization and union dynamics. However, further study of contraceptive choice and discontinuation could be carried out. It should aim to analyse whether women who experience more than one union make particular contraceptive choices and whether they are likely to use contraception more ineffectively or to use less-effective contraceptive methods. The DHS calendar could be a very important source of this information.
The high reliance on sterilization in Brazil creates an ethical issue for the public health community. Brazilian women do not receive information on the full range of contraceptive methods. The reluctance of the Brazilian government to promote IUDs has de facto deprived women of a fundamental right to choose their contraceptive method. This problem has been raised only in the last few years, and there is still a need for an increased awareness of the issue.
